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1. Forecasted cost data
All investment costs, O&M costs fuel prices etc. are planning data (expectations to future costs), not to be confused with historical or current prices. 

Current prices reflect ups and downs in business cycles. As an example, in 2006 the prices of wind turbines and PV systems were very high, due to high demand relative to supply capacities. Under such circumstances market mechanisms will increase prices, even though costs may be unaltered. Planning data for future situations will have to be based on expected costs, ignoring short-lived turbulences. Otherwise, conclusions will become too speculative.

In essence there are two distinctly different methods for forecasting costs of technologies:
1. Engineering estimates of likely future costs and performance improvements.

2. Technology learning, often called experience curves.

1.1. Engineering estimates

The Danish energy technology catalogue (ref. 1) used the engineering estimates by requesting experts with insight knowledge and experience of each particular technology to elaborate their qualified (argued) estimates, preferably disaggregated into cost components (planning, site work, building, equipment etc), and afterwards ask other experts to comment the proposals in order to reach a consensus understanding.   

The major advantages of this method are that forecasted data are technology specific and the high level of transparency created by the consensus seeking process.

One disadvantage is that experts tend to be particularly optimistic, when analysing ‘their own’ technologies. To counter such biases, it is instrumental to invite technology buyers (e.g. utilities) to comment the draft data. Another disadvantage is that the method can be quite costly.

Ref. 18 used both engineering estimates and technology learning, arriving at similar results.

1.2. Technology learning

Technology learning (learning curves or learning rates) estimates, from experience, the future prices as a function of market development. An experience curve captures the relationship between cumulative capacity at a given time for a technology and the per-unit cost of that technology, i.e. costs will reduce by X % (the learning rate) with each doubling of the cumulative production.

1 – X is called the progress ratio.

The major advantage with this method is that it reflects the influence of market mechanisms on technology development. The major disadvantage is that it is quite simplistic, leaving little room for technical nuances, as it is not an easy task to determine the learning rate of individual technologies, and even more so for components. Also, with this method it is difficult to capture chances in regulatory frameworks, e.g. more stringent standards for air emissions and nuclear safety. 

As an example, the Danish energy technology catalogue (using engineering estimates) forecasted that the specific investment costs for coal steam power and gas combined cycle will actually increase in the future. The reason is that these technologies have long been commercial technologies, and that further improvements in thermal efficiencies (e.g. through the use of very expensive alloys) will increase the investment costs (€/kW), but still reduce the generation costs (€/kWh). Such technology nuances are not captured by experience curves.
Another disadvantage is that the forecasted costs are related to the cumulative capacity. Thus, to forecast the costs in a given year requires a prediction of the development in cumulative capacity, and such predictions are rare.

For purposes like RECaBS’, technology learning analyses are often incomplete, only forecasting investment costs, not performance characteristics (e.g. efficiencies) and operation and maintenance costs. In such instances, engineering estimates are needed anyway.

Technology learning rates are better documented for photovoltaics than any other renewable energy source. PV modules have shown a steady decrease in price over more than three decades. 

However, for other renewable energy technologies, the previous development does not allow reliable extrapolations. Even wind energy, which is a global and well-proven technology, depicts studies with large deviations in learning rates. Studies from Denmark and Germany, among the world leaders, indicate learning rates between 4 and 8 % for wind turbines, whereas the learning rates for installation costs are 1 – 2 % higher. Other countries have shown learning rates of 15 – 19 % (source: Energy Technologies Perspectives, IEA 2006).

Because of such uncertainties, IEA’s Energy Technologies Perspectives used the same learning rate for all renewable energy technologies (5%), except solar PV (18%).

For the same reason, the current study is based on engineering estimates, whenever available. Experience curves are primarily quoted for comparison. 
2. Cost-benefit analysis (economic/financial)

The cost-benefit analysis (CBA) is an analytical tool, which balances the costs and benefits of a project. The CBA may be applied for both public and private projects. While the financial CBA is limited to concerns of a private investor, the economic CBA usually includes benefits and costs that are beyond a business decision focusing on income generation.

The financial CBA includes all taxes and subsidies, and also takes the actual financial arrangement into consideration. The economic (or socio-economic) CBA ignores all taxes and subsidies. On the other hand it may include external costs, which have no direct impact on the financial viability of the project, e.g. environmental costs. The economic CBA is often used by government agencies and national and international financing institutions in order to justify subsidies, favourable loans or other ways of special treatment. On this background, this project uses the economic CBA.
Differences between economic and financial analyses:

	
	Economic analysis

(public sector)
	Financial analysis

(private sector)

	Viewpoint
	Overall society
	Investor

	Decision criteria
	Positive net present value
	Payback or internal rate of return

	Timeframe
	Life cycle (technical life)
	Short term

	Discount rate
	Reflects social preferences and other factors (often 5-10%)
	Reflects costs of borrowing, desired returns (often around 15-20%)

	Energy prices (benefits)
	Social values reflect willingness to pay; alternative uses
	Prevailing market prices

	Costs
	Social values reflect unrealized opportunities
	Private, prevailing market prices

	Taxes and subsidies
	Ignored
	Considered

	Social infrastructure (e.g. roads)
	Considered
	Ignored

	External impacts
	Analyzed as much as possible
	Ignored


The economic CBA has special merits for evaluating and comparing electricity generation technologies, since investments in this sector are much more long-term than typical private investments.

2.1. Externalities

Externalities are impacts from the electricity generation activity, e.g. lung diseases from air pollution, which have no financial bearings on the owner of the power plant, but which cause economic costs or benefits for the society. In economic literature these are called market failures.

The difficulty is to quantify the costs and benefits in terms of money, so that the externalities can be included in socio-economic evaluations. Then, the political issue is whether and how to introduce corrective measures to include (internalise) the externalities in energy prices at the least cost for society in order to create a level playing field for all technologies. 
RECaBS includes five different externalities:
1. Climate change; greenhouse gasses, in particular CO2 and CH4.

2. Other air pollutants: SOx, NOx and particles.

3. Grid integration; primarily extra costs to electrical infrastructure, power balancing costs and reduced capacity value for wind turbines and additional reserve capacity for nuclear power plants.
4. Security of fuel supply; substitution of fuel imports with indigenous resources.
5. Local benefits; primarily employment.
Each of these externalities is described in a document, which can be downloaded from the RECaBS website. The names of all these documents start with ‘Externality - ’.

2.2. Levelised cost method

The constant-money levelised lifetime cost method is relevant for comparing alternative generation options and assessing their relative competitiveness within a comprehensive harmonised framework. The method calculates costs on basis of net electricity supplied to the grid. It does not replace a full electricity system cost analysis that would be carried out in support of expansion planning and decision-making.

The levelised cost method discounts the time series of expenditures and incomes to their present values in a specified base year. It provides the costs per unit of electricity generated which are the ratios of total lifetime expenses (net present value) versus total expected electricity generation, the latter also expressed in terms of net present value. Those costs are equivalent to the average price that would have to be paid by consumers to repay all costs with a rate of return equal to the discount rate.

The socio-economic levelised lifetime cost may differ substantially from the financial generation, in particular for technologies with high investments costs and long technical lifetimes. As an example, a nuclear power plant costing 2.2 million EUR per MW and having a technical lifetime of 40 years will have a levelised cost of 31 EUR/MWh (discount rate 5%), whereas the financial generation cost is 48 EUR/MWh (10% interest rate, 20 years loan maturity).  

2.3. Discount rate

A discount rate is used for discounting (reducing) future payments to their present values (in a specific base year; in this case 2006). Applying a discount rate takes into account the time value of money, i.e. money spent in the past or in the future does not have the same value as money spent today. The higher discount rate, the lower present value of future payments.

In many countries the government, e.g. the ministry of finance, prescribes which discount rate must be used for assessing public investments and for economic assessments of private investments. The reason for the political stipulation of the discount rate is that it enables government to determine how available financial resources shall be divided among short-term and long-term investments. If, for example, a government favours renewable energy technologies (e.g. hydro- or wind-power with high investment costs and long-term benefits) it should set a low discount rate, so that the future benefits may out-balance the high initial costs. 

The discount rate may be related to rates of return that could be earned on typical investments; it may be a rate required by public regulators incorporating allowance for financial risks and/or derived from national macroeconomic analysis; or it may be related to other concepts of the trade off between costs and benefits for present and future generations.

Economic assessments are usually carried out in fixed prices. If the discount rate is 9% per annum in current prices and the inflation rate is 4 % per annum, then the discount rate in fixed prices is (100 + 9) / (1 + 4/100) – 100 = 4.8 % per annum.

This study uses a discount rate of 5% per annum, as did IEA’s Energy Technologies Perspectives 2006.
IEA’s regular ’Projected costs of Generating Electricity’ uses two discount rates: 5% and 10%.

3. Price level

3.1. Fixed prices

This is also called constant money or actual prices. All costs and benefits in the analyses are inserted and calculated at the price level for 2006. Therefore all input data, which are obtained in other price levels, must be inflated or deflated to the agreed price level.

This method is opposed to current prices, where all costs and benefits are inserted and calculated in the prices of the year, where they occur.

The Construction Cost Trends of the United States Bureau of Reclamation (http://www.usbr.gov/pmts/estimate/cost_trend.html) has proven useful to update the cost of various power generation options to a common date
. 

With index=100 for the base year 1977, the indices for power plants are:

[image: image1.emf]year USBR index

1977 100

1985 160

1990 183

1995 212

2000 232

2001 237

2002 241

2003 247

2004 253

2005 267

2006 279


3.2. Currencies
All economic data are expressed in Euro (€ or EUR).
To convert from one currency to another, publicized exchange rates are often used. However, this causes two major problems, one being that market exchange rates fluctuate wildly. The below figure illustrates the development of the USD-EUR ratio as monthly averages from January 1997 until February 2007:
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It appears evident that the result of converting data from one of these currencies to the other depends much on which date is used for the conversion. Thus, one can almost select an exchange rate, which will ensure conclusions in conformity with wishful thinking.
Another problem is that prices of goods and services are usually lower in poorer economies. For example, a U.S. dollar exchanged and spent in the People's Republic of China will buy much more than a dollar spent in the United States.

This study will therefore use the purchasing power parity exchange rates. Purchasing power parity (PPP) is in economics the method of using the long-run equilibrium exchange rate of two currencies to equalize the currencies' purchasing power. It is based on the law of one price, the idea that, in an efficient market, identical goods must have only one price. 
PPP conversion factors are based on price and expenditure surveys for a given basket of goods and represent the conversion factors applied to equalize price levels across countries. PPP rates are elaborated and publicized by OECD (www.oecd.org/std/ppp). The below table shows historical PPP rates for the countries participating in RETD. The PPP rates are all measured against the U.S. dollar:
[image: image3.emf]2002 2003 2004 2005 2006

CANADA 1.23 1.24 1.25 1.25 1.23

DENMARK 8.43 8.47 8.40 8.40 8.37

FRANCE 0.900 0.930 0.918 0.901 0.893

GERMANY 0.959 0.905 0.894 0.883 0.875

IRELAND 1.00 1.01 1.00 1.00 1.00

ITALY 0.825 0.850 0.861 0.862 0.856

NETHERLANDS 0.921 0.923 0.897 0.882 0.867

NORWAY 9.14 9.03 8.93 8.73 8.68

UNITED KINGDOM 0.610 0.624 0.619 0.619 0.618

EUR15 0.884 0.881 0.874 0.870

UNITED STATES 1.00 1.00 1.00 1.00 1.00


IEA’s World Energy Outlook 2006 also used PPPs for currency conversions.
Example on how to convert from one currency in one year to another currency in another year:
Step 1: 
Convert to USD at same price level, using PPPs. 

100.00 GBP (United Kingdom), 2002 level = 100/0.610 = 163.93 USD (2002).

Step 2: 
Convert USD to 2006 price level using the USBR Cost index.

163.93 USD (2002) = 163.93/241*279 = 189.78 USD (2006 price level).

Step 3: 
Convert USD to EUR (EUR15), using PPPs.

189.78 USD (2006) = 189.78*0.870 = 165.11 EUR (2006).
Thus, 100 GBP in 2002 equals 165.11 EUR in 2006.
4. Technology costs

4.1. Investment costs

Also named initial investment, initial cost or principal.

Investment cost data are the expected costs for commercially proven and best available technologies (BAT) in the forecast years (2010 and 2025).

The base construction costs (or overnight costs) include: 
· Planning and design; including feasibility analysis, development, engineering and approvals by authorities

· Site work; including access road
· Building; including service facilities
· Connections; electricity, water etc.
· Equipment; including balance of plant, workshop equipment, spare parts and contingencies

· Transport to arrival port and transport from port to site
· Assembly and commissioning
In financial analyses, the total investment cost includes the base construction costs and interest during construction. However, in economic analysis, payments internal to the national economy are excluded from the analysis. 
Costs which are not included:

· Land acquisition
· Project management and administration
· Interest during construction (IDR). For technologies with long gestation periods, e.g. large-scale hydropower and nuclear power, the IDR can be substantial and should therefore be included in concrete project assessments.
· Taxes and duties

· Insurance. This is included under operation and maintenance.
· Cost to dismantle decommissioned plant. As decommissioning costs of nuclear power plants are considerable, such costs should be added when including nuclear energy in comparative studies.
All costs during the construction period are discounted to date of commissioning.

The total investment cost is divided by the net electric capacity to arrive at the specific investment cost (in million EUR per MW or EUR per kW).

4.2. Operation and maintenance costs

Ideally, operation and maintenance (O&M) costs should be split into three components:
1. The fixed share of O&M (€/MW/year) includes all costs, which are independent of how the plant is operated, e.g. administration, operational staff, property tax, insurance, and payments for O&M service agreements. 

2. The variable O&M costs (€/MWh) include consumption of auxiliary materials (water, lubricants, fuel additives), spare parts, and repairs (however not costs covered by guarantees and insurance). 

3. Re-investments, which appear at periodic intervals of several years. A typical example is the inverter in a photovoltaic system; the inverter usually has a shorter technical life than the remaining system and therefore has to be replaced after 10-15 years of operation. 

Data sources often quote total O&M as a percentage of initial investment per year. When more detailed data are not available, such a percentage shall be translated into a fixed O&M component (€/MW/year), with the variable component being zero.

It should be taken into account that O&M costs often develop over time. The stated O&M costs should therefore be the average costs during the entire lifetime. 

5. Fuel prices
IEA’s World Energy Outlook 2006 used the following price forecasts:
[image: image4.emf]2010 2015 2030

IEA crude oil imports USD/barrel 51.50 47.80 55.0

Natural gas

   US imports USD/MBtu 6.67 6.06 6.92

   European imports USD/MBtu 5.94 5.55 6.53

   Japanese LNG imports USD/MBtu 6.62 6.04 6.89

OECD steam coal imports USD/tonne 55.00 55.80 60.0


The gas prices are expressed on a gross calorific value basis. It is assumed that coal prices are expressed in similar terms. The present study is based on net calorific values (also called low heating values). Generally, the amount by which the net calorific value of natural gas lies below the gross calorific value is 10%. So, to convert from prices based on gross to net calorific value, one shall divide by 0.9. For coal the difference is 3%.

Furthermore, the energy unit MBtu has been replaced by GJ of the metric system (1 MBtu = 1.055 GJ), while for crude oil and coal net calorific values of 6.12 GJ/barrel and 31.4 GJ/tonne have been employed.   

Finally, the USD-2005 prices have been converted into EUR-2006 prices. Inflating the prices to 2006 price level with the USBR index (279/267), using an exchange rate of 0.870 EUR/USD for 2006 (OECD PPP's) and interpolating between years 2015 and 2030, the above gas and coal prices convert into (in real-year 2006 prices):

[image: image5.emf]2010 2025

IEA crude oil imports EUR/GJ 7.65 7.81

Natural gas

   US imports EUR/GJ 6.39 6.35

   European imports EUR/GJ 5.69 5.94

OECD steam coal imports EUR/GJ 1.64 1.75


The cost of biomass differs for different kinds of biomass. Also, it is difficult to set a global price, since only a minor fraction, primarily wood chips, is traded internationally. For the time being, a Danish government-determined socio-economic cost of 4.50 EUR/GJ for forest woodchips is employed as default cost (CIF 3.10 EUR/GJ plus local transport 1.40 EUR/GJ). The woodchips originate as by-products or residues from forestry operations.
If the biomass is a residue from e.g. wood industry, the cost is usually lower. If the biomass is purpose-grown (energy crops), the cost would normally be higher.

Typically, a biogas plant receives a gate fee for processing some organic wastes (in particular manure), equivalent to a negative fuel price. Other biomass resources (e.g. industrial wastes) are purchased at a positive price. Usually, the income exceeds the expenses. However, it is assumed that the net income is counter-balanced by the fuel handling costs, so that the net fuel price is zero.

The ‘price’ of municipal solid waste (MSW) is negative, determined from typical gate fees in European MSW plants (ref. 8). Assuming that half of the gate fees are taxes and levies, the socio-economic value of MSW as fuel becomes 2 – 9 EUR/GJ, average 5 EUR/GJ.

6. Income from heat sales

Besides electricity, some technologies also produce heat, which can be sold to a district heating system. REcalculator deducts this income from the basic costs. 

The amount of heat that can be sold depends on the size of the district heat system and on climate conditions - more in a northern big city than in a southern small city. REcalculator assumes that most of the heat can be sold during a typical heating season in northern Europe. At a later stage, the user will be able to adjust the annual equivalent full-load hours for heat sales.

The socio-economic value of heat delivered by a power plant to a district heating network may be determined using two different baselines:

A. The alternative (baseline) is a heat-only plant. All costs (capital, O&M and fuel) are accounted for. 

B. The heat is a waste product from electricity generation. The value is therefore equal to the marginal costs of generation, primarily the marginal fuel costs.

The Danish Energy Authority has estimated the costs of baseline A (2005 prices; 1 EUR = 7.40 DKK)
: 
Fuel costs: 
23 DKK/GJ

Other production costs: 
28 DKK/GJ

Total costs, delivered to grid: 
51 DKK/GJ

The fuels costs is based on an approximate fuel mix of 60% coal (15.9 DKK/GJ) and 40% natural gas (35.5 DKK/GJ).

Using IEA’s predictions on fossil fuels (ref. 4), the costs become (using a fixed exchange rate of 7.42 DKK/EUR):

               Total (A)              Fuel costs (B)
2010: 
6.59 EUR/GJ       2.82 EUR/GJ
2025: 
7.01 EUR/GJ       3.52 EUR/GJ
Fore comparison, the average consumer price in Europe is 49 EUR/MWh, VAT included
. With an average VAT of 20%, this is equivalent to 11 EUR/GJ, VAT excluded.
The following values have been selected as RECaBS default values (marginal costs):

2010: 
2.80 EUR/GJ.

2025: 
3.50 EUR/GJ
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